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(57) Abstract: A biosensor comprises a working electrode (101), a counter electrode (102) opposed to the working electrode (101), 
S a working electrode terminal (103) and a working electrode reference terminal (10) both connected to the working^electrode (101) 
(s^ through wiring, and a counter electrode terminal (104) connected to the counter electrode (102) through wiring. The biosensor has 
^ at least a three-electrode structure, and hence measurement of an object substance can be done without influenced by the wiring 
w resistance of the counter electrode section. 
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@1 0 1 KS«*'nfcft»a#I«?l 0S»ffJI8l?l 0 3t^ll0 2 

izmmztitzttmm* 1 o 4 fc*#uTv>*o »iifi o 4bu Mai o 1 

B*fcttaj3S«Hi:©K**«--CfTfc*SCi:**^ri6K:&*o M 
S 2 ©**?&» 2:^*1^ *fM-? 1 0 4 tfM&ttCIKtt & tit V> 5 

(Jg4©lSi»jl) 

m i 3 {±> *i8M0^4©^ii5ji5iBK:« j &^'f 
iis fffflttc»i«'r*«k5K:»W'6nfc»«i o 2£> o-nc««*n 

, M£ttCKt*&tifeftm&4l?l 0 3 fcs '**ai 0 2£&^£*ifc*ta* : ? 
1 0 4atf#a#JR«3 i 3fc**b.TVk.&. 
**»»JB©J:5K:n *ta«fc#JHfta*RB"t 3«a*JSi:r*tfc* , eS 

So £©*&-&•£<&, »io«»itiiitfcW^ ^msiB^cfim^aii^ 

&s\ ® 1 3 {zmtm^it, wmmm* 1 o 3##jsis 1 o i ^B^^tifc® 
©jiB^fttjBfiR^ttTv^dfcict flufla«©«iristf* s «b<'.h<* <'jw*. 
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£*lT^3 0 fe^s !&fU«iSK^I«f 1 0 3 #fgtt£>nT^& < 

(f 5 0»i) 

ffiii o 1 -feommzzzttxttm® i o i zw-tsnm i o zt s itmm i 
*^5i^^©/w^--fe>-y-7 3tCctti(ix fin o lRVHfmmi o 

as^ltm * l^JJb £ -fr £ d J: £ 5 o 

C0£5C> MIOf ffl^£ftJi!e£|i5lH>R#tCU *MSSgJ^l 0 4£^&®± 

rW;fr-te>iM 5 i±, 1 0 1 £ N -ftfflffil 0 1 102fc 

s mi o i iz&mztitcttmm&mM? i oMfii^^i 0 3 t x 
i o 2fc^M#nfc*r®^^i o 4£:§£b-tu3o fsii o i twmm^m 
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i o&tfMaas? 103 hom&ztiznc-a^A i 

2 8 i:; •ftffi^sffBJ*ngP2 9 \z^mmmmn&v p r i ^®mEwingi5 2 

*nSP2 9 ^A*$nfe*^&50.at-§fe&©is^«iaiiii^ 1 2 1 fc&fcbrv^ 
o zzT*s ttmmm&mn® 2 9tt#n¥i 1-1548 3 3^i (*s»»- 

$5 , 9 8 6 , 9 1 0^) T!ii^$tifc«EEm**»liK*C»S. 
SffffVmr 1 tt»ffi*EEWinSP2 8 m > V-y>x$tm$ titcWi, nmm 

° 

Vm 1 = Vm r 1 (18) 
£fc> ftSISffEVp r 1 i:/*>f *-fe>tfl 5 (D^mm^M^ 1 0©f£ 

Vp2=Vprl (19) 
f^ffl««-?l 0 3'^s»niabfe*«Otf[tt^ffla«EE9iil0aJ2 9-eghiB3*u 
^o^t^SffWiiiif s 1 2 OttM-^^aialBS 1 2 icflif&Sfts. 

*. . ■ 

I p 2 = 0 (20) 
. |ot> #fflI#!S«ftEVp 2. fc«sffla«ffiVp 
Vp 2 =Vp (21) 
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«tot^S(i8) N (19) , (20) s (2 i ) x bKyvwmm&v f 

Vf=Vp-Vm 

= Vp 2 - (Vm 1 + I f 2 • Rml ) 
ZZ~Zs Rml = 0QJ:!3v 
Vf-Vp 2 - Vm 1 
= V p r 1 — Vm r 1 
Vf=Vprl-Vmrl (2 2) 

cfcoT, 6 csj^tsS (8) £5$ (2 2) *ft\t%t#.3>h%%. 

If l = f {Q, (Vprl-Vmrl)} 
.'. If l = f (Q) (2 3) 

n-ox, ftmmi o 1 twmmm^ i o 3 tzffi&mm&mmommmtihR p 

Vp l=Vp r 1 +Rp 1 x I f 1 (2 4) 

*s«D(i, ftmm&mm*i oRVifmrnm? 1 0 3©M*^^^^nsf^M«i 
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(* 7 

■c*ik ^6(±s f^ffl«i«£Esittigp i 9&tf*tiimEEP#Dgi5 i 7©n#tt&itfi& 

H5C^-TJ:5Cn ^KM©^* *-fe>tf3J«HU /H*t>^7 2tn 

/t^f^-fey-b-7 2 «\ ffsai o i ts ftmmi o i cttfiL-cttt* &*tfc*t 

gl0 2ts ftfflll 0 1 t&ggSJxfc/Mffiag^l 0 Mil 0 2Cg^ 

SftfcttffiilHP 1 0 4#tf*r^#i$Sgi^3 £££ bTV^o ft/lffi 1 0 1 fcflsffi 

fetzMmmizm i i 7 ts A^^nfemm^jSDrMMSjEWinsp i 7^e>m 
;&sfts*ts«MMs i 8 %mmTzrztb<Dm^9B!m®& i 2 1 fcstit 

ffl®Sip«ff Vp r 1 tfMSBEBJiOgB 1 9 & > tr-*'* 

fM!««EEBJin» 1 9 * &ftuBS«? 103 icft/sffiJH^WE v p i &m%> 

Vp 1 =Vp r 1 (2 5) 

£fc> *^«EE^ 1 1 7 i^ilfe^SfiEVmr 1 bttRM&mm* 

OMEtf 0 Vfcft* £5#«iBaPMs 6 £©**8*!HWflr#s 6 
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Vm 2 = Vmr 1 (26) 
Vm 1 = Vmr 2 (2 7) 

hscsv^ stawi o 4^»najbfc«»tt»ffi«£EWipiBi 7xmm 

fc>tl&o 

Vf=Vp-Vm 

= Vp 1 - (Vm2 + I f 1 • Rp 1 ) 
Epl = 0QJ;^ 
Vf =Vp 1 - Vm 2 
= V prl — Vmr 1 
■ V f = V p r 1 - V m r 1 (28) 
Vprl t Vmr 1 *©-C y ■fc>^BJttl*ffiV f JtHHc— 

■iotv $^Hl3ili3^-C^ (8) (2 8) fc&zfcfcfc^o 

If 2 = f {Qv (Vprl-Vmrl)} 
.'. If 2 = f (Q) (2 9) 

-fc-oXs *tai o 2ffi©$*eK»©e*ft«ttRm i i o 4 

CC-Cx #tttf?«EVmltt#««ffc#Rlig»l fcftffiSEWMl 7Ci 
Vm 1 = Vmr 2 

.-. Vm 1 = Vmr 1 -Rm 1 x I f 2 (30) 

#a#jfsea 3 £ s 3 mmmmx& 1 x * =»»44ib$*©«c ± & -rw» 
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JgirfcRg 2 0 £llM£*;fcll|!«6KT*i& iK ftfflSIIIEEEPM 1 9 > 

(SS8©|!|»«S) 

* ^ tf * ^ Ml ^ IS © ^ -f * -fe > * & S © - * 5* 1" 0 K H ^* * * o 
-<*-fe>-tJ-7 2.£&^£ftfcff-8JIIIBS 16 fcSiH^TVASo 

gB3 1 Kf£ffl8igipmEEVp r. 1 £s MH«ffiWingP3 0 C^lSftfEVmr 
*«9.s 1 8&ffi3rS&&<Z>flT9&3iaBl 2 1 fc*#UTV\3. 

&#Eamj8 1 < x ttmm&wM 3 0 #*r«j^ 1 0 4 J:^i#iii3 © 

#ffi#JtB*«3©*tffi#JIHM*BEVm2 fctt#£*tMBEWiDas 3 0 £A#£ 
Ji, *©**fiEV.O Vt&5 XottUSft? 1 0 4C»l/T^ffi*IM-t«JHEVm 

Vm2 =Vm.r 1 (3 1) 
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■*fcN-#fflffi&MJEVp r 1 ##/8MJBERlinas3 1 C i D. -f > tf-^>X 
M8SSEEPM3 1 1 0 3C«JE.Vp 

V p 1 = V p r 1 (3 2) 

aisss^-rttMiKM* s i 8ttfli-9Aaiaei 2 1 ci^tis. * tr 
jftistfefii 6 omw&ntnuiKs. *>vwto&&yt ctt&a^ffcD&oo 

Vf=Vp-Vm 

= Vp 1 - (Vm2 + I f 1 • R p 1 ) 
Cit, Rp1 = 0QJ;Dn 
Vf=Vpl-Vm2 
= Vp r 1 — Vir 1 
Vf = Vp r 1- Vmr 1 (3 3) 

iot, * (8) £5$ (3 3) *ftXt**fc'*5!5i:ft*.. 
If 2 = f {Qs (Vprl-Vmrl)} 

I f 2 = f ( Q ) (34) 

&±©«fc-5C> #tt#JtiM3 &#fiHiHFl 0 4 ktf#fcft«*JEWiQ»3-0 

Sft^l 0 3K:^i^$nfe*Ar>7S#UTV>5o £fti±> 1 - 15 4 

8 3 3f&i (^B^WSIS, 9 8 6 , 9 t 0 

(JS 9 
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*^»^©^*'T^-fe>-b-^y7 , ©^lcD^0^*^-r 5 l z ®El v t** tK HI 7tt 
{is ***BB»©A-f rem 3©^pjist™-e$s, 

31* BUI ft 1 6 fc#H-£iR±fciftfci-&ftfc 

nt*^ ^fflffii o i i o 3Rvftmm&mw¥-i o*&m?& 

mmBmm^Mm i o 2 tjttiss?i 0 4 t^m-r^mm^mmitumih^n 

£fc> #^;K5BJ§©A-f *-b>tff73 5l±x.«it*#*&8l!).^l/iriBi:- 
.tab, /W#-te>-tf-£H-$!15|ft 1 6 t: ffc-fb ITlf f 7{b tSuJ: 

Sg 1 ©£ifin&J8©/W;a--fe>-*CIKe>1\ cftr^B&EUfc-r^T©/* 
>r * -fe > v c o v * r n- as 13 ft £ & £ ^ y y 4 b -r £ Z. t # Rl |g & S o . 

«fc£©**tf:S«*>SO I (Silicon on Insulator) g£ N SOS (Silicon 
on Sapphire)g«, #9 £©«ft*tt*«fci^ V^fc SS«lf & o T * 



WO 2004/005908 PCT/JP2003/007593 

30 

&3V>tiU HI 7}:^t<t?Cs H 1 K 1 2CSt /t-f *-fe>*fc«-»@ft 

1 6 tzm-M^^WLttT $> z®mmfc&z>mr-b>v^v78 o 

&tzs H 1 8 CwtJ:?^ HI 3, 1 4CS bfc»S#llt8^aWi: 
(£ 1 0«D*Ji?&») 

®HT?fc'tK H2 Ottv *Wt»«Cil*^'f*-fef^»74 0 fc^firSH 

W-«HK^y7'4 3 *>V?-y?Z B AVWrUMWif-' v ^ A 3 
®2£«6 Oilfc^bTV^o ^bts /H^yifOH^ffi«?l 0 4, tfsffl 
«*HP1 0 SStfft/HSHMfRSIi^l 0(±^tl^tu7^f^3 9fc«t'DW-a@K^-y 
7"4 3 fctMISftT.^S. 
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^^7*3 8 i:|f«9@BS^y 7*4 3h£iE8bfc^ £M»«6 0#£<\ M-fe 
>t^y 7*3 8±tH-aSli8S^f 7*4 3 £IBE-rs*£S£T*& £^ U IfSO 
HBS^iy 7*4 3±\z-b>V? * 7*3 8 §EIlfcf ^ 7" • • f yrfi.S* 

v»fc#N -b^-y-^y r©±'BkW-'aiHB^» 7 , ©±®fc£ftft 7*^ 

ttBGA) fc£T?fmufe*je-c*oT*£v*.' fc^wu 

t5Ct*t§§. Cti?>©^^f3ct i>«*e$««fc#Jg'< fc*©"^ iDRIS 

(g 1 1 (omm^rn 

mxmmbtznmm^ 1 o 3, ^^^#^^^1 ov»m?io 4©3ii 

S#t5/Ut-fe>^21, W-**±fc^J*U 2o©2t®3gf^ 1 0 4 
aflsl/tv^*. ccitN 2o©ftM^ l 0 4 £*ilfliu-tv^c:i:£<k !>> s 

15, 
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* c © k 4 * -fe > -b- § iSffc t fe ^ > y t'&ir d # u irtiT! & a 
m^ntz^Monm^ 1 o 4 jut v>*. 
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(ii3®wi) 

HHCStJ:5^ #fSj»$©/^tf*>tf*-y :/8 1 ftffiffi*? 1 0 

3x-ftffl«iWH»?i os^wi o 4©3mffi£#***ft*ftaHz>i* 

a SIB 1 6t^tbt^S, ^ fCx /"W tf-fe >-b-fcM(HS& 1 6 £till-g& 

HI 2 4K^-r<fc5K^ *H*»JB©M^ *-k>*f»r8 2^ 
-fe>tJ-58fc, i20/Wt^>i^5 9i:> ^ 1 ©^-f 5 8 SV§ 2 © 

;t^^--fe>-^5 9c».ii*>i.feW-aiaK i es ? .3.-^5 7 fc£#b*t^*. 

0 2 5lC^t ^ 1 ©^W^-b.y-b-5. 8, fR 2 O/W *-fe >tf 5 9 ©^ 
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^-fe>^5 9 \z&m$ nfcnmmm 1 6 ^ ii0;w*t>^5 soi^mm^ 

}:> !2cD;U*-!r>^5 9 ©M}g^&WM#M^ i:gf«0Hll® 1 6 £ 

<Dm\zwL\f intern 2©*^ ^sf5 6i, ig 1©;^ y^#5 45^20^ 

S Kffifjl DBS 5 2 8\ 5 3 £&&bTfli 1 ©*-f ^^5 4© 

U Kl 2©;M^-fe>it5 9T?«0^1-^^^ttt^ l0^-fy^54iis 

io©ff$ijtij®©#-e«!i£-£ ^^©HMsas^tsc t#T-§s±. 

t*©ffi^*>EI£>ti3 0 
^mfc^©^ 7 iz&^xit, mi®** f^$5 4Stfi 2 

6 #^'J>©# >*g|fi£J$o;!-&#&S#s C©^">jgJn;{4^fiffi^ 

K/w^■fe>it©^«ttiB^0i3i^^^^;^3•^^^l5fc^^)^ #0!i§#fJi££&^Tfc 
#^>^# l o©if^®j8K:^£ti'ONT*>£^o 

i^S^tHI tUBS* a- -)V * M t % m * © * * 2 tlT V^ 3 «igT- * & V% 
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£ fix V> § JgSgT? * o T % £ V> o 

;g£S$^© 3«ffi**-r*^'f LTl>fc#, -(tffifiB^^x M®^?> 

*ms# jh mm © 3 § * t % * 4 * > * * # u r v> 1 & «t v> 0 
(sg 1 5-©*m»») . 

0 2 6 *J8W©»"1 5 ©^MU^JBfc * 7 8 3 ¥ 

El 2 6 K:^"TJ;5 t> *mMBm<om y 78 3 

0 3, #ffll#i«?10, 1 0 4#Tm«iJ£m#£K/fo£-fr£;fc&© 

■fe>^gp 1 3 1 *'tt5/Wt-fe>*!!l 5 a«±C21»»6nT*D> H'-SS 

©««*J:bfBJ|i«ijSl*aJ«ia*T?*3H'rs.Jii:* , C**. *fc> M-t*->7-;v© 

(*16©*JSJB») 
dti*t©H«g^^tf{ix 3o©ag^S#fCV%§;W^--b> : y-^N 
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h 2 '7** via 2 8 *mw<om i eommmM^m^^^ ;t-fe>-y-ii»© 

2 1 0#H*£tK MSI® 2 2 0 t/Wtf-te V-tJ-2 1 0 £#S^#JC}g^£ ft 
fc^fc&So /W^-feV-b-2 1 0©1ffiSK:oVNTfci:^i$-r3o ^-ftf-fe 
>-y-^g{is CCTfwW ^-fey-9-2 1 0-£tf-$||H]S&2 2 0 ©ffe> j^g^jSl: 

0 2 7 t^bfcthSS@S&2 2 Oiis A^^--fe>y-2 1 0O#ffiH?2 1 3 a 

(#?gBj30fii i ©Msasm^*^) icsevpi (*igB^©^ i (Dftmmnm 
izmm) *wtotzttmmmEEnimi&2 2 1 ^--fe>^2 1 oo« 

^2 1 4 a (#3§BJJ©Sg 1 ©MHW^ffili) £«BEVm 1 (*mW®mi<?>M 

MSffKiffi^) sEP*p-r5MMmjEff*n^2 22^ ^mmm&^m3 2 2 1 a 
^5ct^M@mEWingii2 2 2 t^ti^etimffvp r (*^B9©f^ffl@SipmjEt 

*BMl) ££tf«EVmr (#3§BJ§©*f®Sip1|£fc:*iiO S^ip^S*® 

2 2 3 t s #fflfissffWJn§P2 2 1 Aifi^mt}^n^^mmmmAm^cv 1 § 

MS-r^{f^^aHI8S2 2 4 J:^iiti>^. 

-^s 0 2 8 C7*bfcf|-«!l®l&2 2 0{±s ±|B©ffffl€i«ffiEPAn^2 2 1 A^3 
J:^^fiiaE8lAngl5 2 2 2 tftx-Ts * ti-eti#ffl@«ffiBJ#Dg|5 2 2 1 
ffi«ffW».« 2 2 2 A£ii;U ««S®BS2.2 4 tt\ ^I^Eff M 2 2 2 A 

fr&ffi*£ft3#«***«*cv'2 &»3r*fc©-c**o 
itmmnmmM®2 2 1 /w*t>t2 1 o©#ffl@#M«^2 1 3 b© 

ftJBEVp 2§#it5o ft JSffiS£EEP*ngff 2 2 1 tEVp2«#!fin©» 
TffctK A^-f >e-^>*»l«<U {ftftt#m?2 1 3 b£**l«**I P 
2{±Sff-en-C*«o l/fetfot, ft«ffi#Jf8«?2 13bOfifi*ap2l:S 
St^iE^TttiS: <s mJEEVp 2 ttEVp 2 ©f^fflffi«Efcffi 

^) J:(±^bV>J:#^t«t <s ^KWC N -f1Ufl««eER]iD»2 2 1 ft*ffl«# 
M^-?2 1 3 bSai?tftffl82 1 1 ©*ffiVp£#JfBU uClEVpi:^^ 

f^ffl*«EffiiD»2-2 1 a«n ±e©#fflffi*mi?in»2 2 i©»t&fcin*T 
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ftUm&QiM® 2 2 2 ^ ;W*ir>1t2 10 OMM^^r 2 14b (*&W<D 
m2<DttmM*Km!k) ©«EEVm2 £#MlT So ftli1IEEEP#ng|5 2 2 2 (t ft 
EVm 2 ©#T?fe!>> > e-^>* ttlS < n MM?2 14 b 

Rm2ti6Ht5*ffi»TH:ft<x SEVm2fclffiVm (#» W©S& 2 ©tt'ffi 
«E£*B^) fctt«SbV^#;t/C«fc<* §£Hft£s MiSE EPinSB 2 2 2 au *r 
M>2 1 4btaut»S2'l 2©«JEVm$#J«U C ©tiff Vm i:-^*. & 
*ife*EEVmr2:« s -a"rS«fc5 K N ttffVm 1 bt V^ So 

*tffi«JEBJin»2 2 2 A(is ±13©^^^Jn^-Cs 2 1 4 a K:»ft*- 

Mini f 2*itMT%mm*%Lx&t), w-«bfc»a«*i f 2©*£s. 

B2-9^. fffflffi«ffiBIin» 2 2 1 , 2 2 1 A*' J: tfftSsSEEPM 2 2 2 , 
2 2 2 A©V^ <ofr©II]B§#J£^ bfcfc©-e<i?3o WTs lsI0£* t fe^IalES© 

02 9 (a) (is fffflffi«ffiBllD»2 2 1 3JfcH:»MffiBlin»2 2 2 ©@8S 

m**to m®fcy*\stz<tmmm&mm®2 2 1 £fctt#MMin»2 2 2 » 

x"ia4'4C^bfc i 8e*©W-a!l0Kl l 2 3C^in»I«lfffl 10 6C S « 
JEVp r ^feSIEVra rtvft*T*E#JRIiai&4 3-0 ©ffi# 2: 'fc 

mffi#MHii^4 3 0^ ^^Tyrfc^'o-cwjft^nN .*©fiteX*iH^*it 

S&4 3 OttU t'EVp 2 iiiEVprt^KftS J; -5 M!tBE£ffl;tJ-r § □ tt 
£E®4 2 0T-*S*^-7>7-(±iI©mBESA*i:b, £©*JEfcffiMi-r 3*JBEV 

p 1 sa^f 

0 2 9 (b) fc)u #fflffi«£E9Jinfi5 2 2 1 A £ fc£*f@»BEE?inS& 2 2 2 A© 
EIBAS*?-; BHCw bfcffcfflMBEWinfiJ 2 2 l A*fett»ffiftffiBUP» 2 
2 2 Att> 0 4 4 C^bfc«£*©/t-f *H2>*«ttK^B'S«fiES2 1 OKI, 8 
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EVpr 1 &fzl±mmVmr 1 Ctt*.T*JEE#JRIigi& 4 3 OOfcH* 
«E#filtHll^4 3 0-C***^7>7'tt % A^JttSlEVp 2 £f|£EVp r 

02 9 (c) tt> f1U8ffi«EEBJiD»2 2 1 A£fettttMEBlj[iatt2 2 2 A© 

mmmzmto mmizm^tzifmmm&mmm 2 2 1 Atit&*tmni£wm®2 

2 2 Ail, «JE#R!QB4 3 0 * «fc lF«£E«tt&&iaB 4 4 0 fc^tSo #®B§ 
{is fciix.^ «f«¥ 1 1 - 1 5 4 8 3 3 ■9&«*#H#W : * 5 9 8 6 9 1 0* 
W«»K:ii^**tfe*£E«**»lsllSkBI»©«l**U"CV><5o ttT; #fflHS 
ffiEP7jPgB2 2 1 A*MVLmwr%o 

mm^m®®* 3 oa, AAttsiEEVp 2 fcWEVp r t^^t < &s'«t 

5C> iEVp 1 ^a^j^^o *ffi«&£&H!B§4 4 0 HU 1E#!§®K4 3 0 

f^ffl««EE9HQ» 2 2 1,2 2 1 ACiot> flffiVp ii^JBEVp r hifi—Wt 
tZ£5\Zs lEVpl^i^tis ffffl«J|?2'l 3 afcWiD^ft'*. £*x£ 
«k D > ftfllffiSB^Z 1 3 aOSirt^Rp 1 £88?" § mjE|S$T#^£ t «fc o t * 
x «JBEVpSttEVp r fclStSCktf'Cg*. 

H*f^ 2t@«ffiEP;i)n$2 2 2 , 2 2 2 ACJ:^, IffVmiifEVmr J: 
jP-a'fS/ASCs iffiVmltfH^^ MUSS-? 2 1 4 aCWiP^ftSo C 
IXfcJ: t) s *f@*SS-?2 1 4 aOfiMRm 1 C^Ht 5 Hffi|S$T#fB£ b £ 5 
*k lEVmSlEVmrCIStSu^iis-C^So 

bfc^oTs si- aria is 2 2 oiaot;^*-fe>t2 1 o©#/bss2 11 h*t 

*S2 1 2 4:©|H|K:WiD&fta«EEVf tt N #55 (3 5) ©«fc-5£&So 
Vf = (Vp r-Vmr ) (35) 
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1/ "C % 5$ (8) *«tVS (35) fr^ «BE0WiDK«fcoTn-f #'-te>1J--2 1 
0C8iftS««I f tts &a (3 6) ©.kSEfcS. 
I f = f { Q , Vpr-Vmr} (36) 

& (3 5) fc5£ (7) fcfcJtttf 5^ * (3 5) ffffl**-? 2 1 3 a 

*AlFW«i?2 1 4 acDSft&ftRp 1 , R m 1 £ £ £ mMT#ft^ d i: # 

fc^s, r /t^*-fe>*2 1 o 2 1 3 afc«fctf #88*8^2 

1 4 a©K»ttflkfcH6>1\ #/88s2 1 1 tftM2 1 2 fccDMCWid* Jx*«JEE 

vf *m%.i&tt%z.k&~z%z>o btc&^x, /t-f 3j-fe>^2 1 o tmnsa 
tii f 2 j:btfffflffi«ffiwiinap2 2 1 At tzi±nmm,KWM2 2 2 acj;. 

f^ffl it*ilf C V 1. 1 fe tt»at»119 C V 2 fcft 4 , fls 
fflft**ii't C V 1 * fctt»8t»I«* C V 2 ttx W-^-^LSHieS 2 2 4 13 «fc 

*mnmmiz£z>h, nj**z>vz 1 o©#J3M?2 1 3 
nmm^z 1 4 a.<Dmnma^®t>-r, <tmm2 1 1 J:^i2 1 2 t©iH'tm^ 

MSB-? 2 1 4 b £^!ttT^§ d tK& D> V^ftfr-£©#M*§i?©#-£ISi*3 

029 (a) K^b-fcf^ffllB«ffiW»»2 2 1 *fttt»ffi'«BEWioi»2 

2 2 £43V>Tn SE3S4 2 0 SflTttU m£E#MHJBS4 3 0 ©fU*fc*©iifMt 
EVp UfclitEVmUlt^i^o «BEIU 2 0£J;tffiJE#M[E] 

Sg2©@i:bfchi^ ^l©«i (fct^«N ftffiffi2 1 1) fc«tt£tifc'»l<D 
tt£ (fciix.^ #ffl=fS3g^2 13 a) C£ 1 ©Sffi (fcfcfctf* tEVp 1 ) 
*Wifl-r5Hl©*BEWinffittfc*®*-©kU SI2©ffi (fci:x.«. tt&2 1 
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2) t88*MS20tlUaif, 2 1 4 a) ti2 0t£E (fc 

fc*ttx SBEVml) $Wt5^2 ©*EEffliQS$B: x *HX^]0IK:ft« fc© ( 
fc£l*fc£, M^SH9lAPg|5 2 2 2 ) tt^c ^Its C©H 2 ©«JBEWiD»a\ 

i2©gi;M^nfei3©ti (feh^^s nmm^z 1 4 b) sat-cs^. 

Ol©I3oifE (fcfc£fcf, tEVm) £#J$U C©I3©iEJ:#i&n 
feififf iflEVmr) h^-at^i^Cv S§2©S£E££$-r 

3» CCi^C^ Ma«flEWflI»2 2 1 2 2 1 A££VttmmEE$lM®2 2 
2 , 2 2 2 A©^-rn*»-#£*fcbfc»£-TJfc N f£#fcJfc«l/T, «fc!>»«0 

(mi 7<Dmmmm) 

To ©#}•$] UBS 2 2 0 Att„ >W #-fe >tf- 2 1 0 ©ftfflM^2 1 3 

a*J:TF#«J||? 2 1 4 afc«ffiSBJjipf «^Sfc b"^ **t*iV, 116 OH 
iS^*Tf»l«i/fef^fflffi«jgEBljD9 2 2 1 A£«fcUf#ffi*EBJJna$ 2 2 2 ASf 

cft&a* fcrnasftsf^MfcaMcv 1 j3«fcvM«imm*M^cv 2 
oAfcovkTSSHB-rsavgie ©n m^tB c * v> -cettcsggii t & ft ^tc o wt 

So 

#ffl@mflEEPingi5 2 2 i A(t /H*-fe>^2 1 o zmnznmt lxwrm 
2 1 3 a«h§ami f i stt-au ^mmmmm^cv 1 gaj^-ra 

- ftU8««E9JlnS5 2 2 1 Afc3\ 0 2 9 (b) &J;tf ( c )■ K:wl/fe@BS©S* 

#<i«eepm2 2 2 A'au 7w*-b>^2 1 o \z$&,tizmmt vxnmm* 

2 1 4aC»ft«f»I f 2 ISfflIU CV 2 Sffl'*t5. *TM 

*EW*P^2 2 2 A{± N ®29 (b) £«fctjc ( c ) Lfe®8§0&fr£ ft 

«-t^S[HlSg2 2 4 ABu ffffllllH-fCV lfeJ:iF^S«»l«f C V 

2*%m-fz><> mi 6<DmmBMx&, mmznzm^&ftmmmmmm^cv 
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*i&£v>-f*ifcffiv>-5e:h£<fco'CN ;w tf-te 2 l - oc»tt*«*K:H-r* 
6 d b[qJ±£-£S CI tWZZo 

t»6db) |qj±^*SCh#t?tSo ifcx-ft«MMBtCVliJ:i)tjit 
Itatftf CV 2 §j!!lIt5C tic io-Cs PlffiCD^ -f X^iit5C 
fctf -CSS. 2:^5 

(sg i 8oi«ii) 

IS 3 1 (is *^B^®^ l 8®MM£ffiS't.f *-fe>?8K®@MJft&5* 
1"o #*»H0MtI]B§2 2 OBIt m 1 7©^i£^^©H-a!llfiISS2 2 0 AC 
x ^6ClIiIfM 2 2 5 *4»*.fc «T, WrMU&2 2 0 B 

v2$A*tbs am ^--fe^-y-2 i o canstso^^^ittaiif c 

V^fcH^fcTSo *«tJifl|-#&ta»' 2 2' 5 ^ fcfcittt^ E3 3 1 £ 5 Cv 

cv^ f^ffliiiiif cv i hM«immsM-tcv 2 t&mnz 
m#«is®8S2 2 4 b»s at 1 6 <ommBmowtmm 2 2 oc*»«flttt 

fCVl SJiVttMMMCV 2*s-fDiiIitCVC^^n^fe4&> 
a^MbSHSCfc « Sit M« SB 2 2 5©«§fi&tt N 03 1 
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(ii9 0»i) 

w^©A-^^-fe>^2 1 ott, fet^.«s ±m<D%ifrt>m i 8©**s?&tt© 

sf-^talJiS 2 2 0 , 2 2 0 A, 2 2 0 B C £ o T^ffl * ft* * ©T« & -So 

/V-f ;f-fej/tf-2 1 0{±, f^fflffi2 1 l*»&3Etf'3ft/BffiJ|jHP2 13a, 13b 
^<tlFMI2 1 2 2 14a, ft8S#^Sg-?2 Hb^HfC 

js6K*j& I l&#£ft , t^3. l o smv^diifc *u 

. ifmm0mm^2 i 3b^ mmmmrnvmu-zh** fcisu ftmmm^z 
»i«?2i4aB, Wrm®&&fi>o&i£$im mo® mm 

mm®? 2 1 4bftVtS#lH!Ol?Tf*5. Z.ZH<bs MS$^©IBB£SV> 
f ;Wt*>1;2 1 0B\ flsMffi«^fctfffi«*k©IBfc«ffi#miiD$ 

U±s *£ifc?£$ M-f *-i2>-y-2 1 0l:ffffli«?2 1 3 a, #>B 

mmm®?2 1 3 b£ itfttMig^ 14 a, Mffi#M^2 1 4 b£^ft-?ft 
gBttaCfcKJloTs #fflJI2 1 l:fcJ:V*ttS2 1 2 ©SJBEfc#HB b& # £ , ft 
R1M2 1 Ui^ffi2 1 2 CWta3ft3«ffi£H'i£-r <&£fc#T?SK ftfflffi 2 

1 1 £*MS2 1 2 ^©laicBrip^iism-ffiSW^fltfcfsJii:***?**. itic 
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«fct)> fffflIW2 1 3 a, itmm&mW^Z 1 3 b££tf*Uiagi^2 1 4 a, 

2 1 4 bK&^ftsiaiiiKiffi&ia©*^^^^ hb, mm 
Mia c <t s m«g £ & < t c t a 5 wig t & § o 

£fc> fMlffi 2 11 tiXTfttU 2 12 ©V^ tlfr — 1 ©St £ 
Sg2©}S£:Ufcfc^ igl©® (fctxfcJU ffJHS2 1 1) $l©*$^£ lMtL 
N S§2©1S (fcfc*tt* *MS2 1 2) «0«?**ftffl2: «fcv>o £©£? 

jfewafti/fc^-ir *t>w*9t*N ^©fficsa^ftfefca©*?©.-? 

(i2 0^1^H§) 

El 3 3{± s *^B^©^2 0©^»fi£^S^:fr^>i*-©^£^?"° 
Hl^lB©^'f'*-b>-9-2 1 0 Alts m 1 9©«BH©;W *-te>-tf-2 1 0©« 

*I#J8S§!?2 1 3 b fctfSVMCSJISfta (fWCl-Ct-^-? >> 
fcfcfcfcs »ffiSB?2 1 4 a £MM0mm : ?2 1 4 b fc#M£ftT^ S„ £*i 
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n%m<D>u **>y-z iobhc, mi dommmmo^u **>V2 1042 

(fg 2 2©|H;!1M) 

mmm<D^'(**>y-2 1 o ct±, %2 lomnrmo 2 i obc- 

^tt*»«2 12 a, 2 1 2b-*lfflfc3:fc«>fcfc©'C*So ^**^ Z . J 
0 Cfc*tf**f«2 1 2»> ff.fflS2 1 1 aCMtS^O^^^S^ ^ 
3g2 1 lbC»tS*0"C*fe5. ff»S2 1 1 a, 2 1 1 b tt< 

-0MS2 1 2ft*fflbTW* 0 bfetfcTx 2 1 0BK*tt*» 

S*?214c, *MS#M^2 1 4d#W«ll4!l, 2 10 
CS, *tffii|ll?2 1 4a.bM&*mW¥2 1 4bfcSli1 , ^i^«^<** 

ft&N ■**K»»'Ctts 2iH©f1UBffi2 1 1 a , 2 11 b#-©*Tffi2 1 2 § 
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o ©sw 2 3 o a\ MfettMvfc^mm^fo ttz&m 

mi--b>^gP2 3U^ -fe>tf»2 3 1 K«E*BJiDU COt^tnStlS 
W"Sff*W"*BJ»2 3 2 fc£flt*.TV>* 0 £fc.> -fe>iHS2 3 1 £^M®&2 3 
Zkttx ffifflail2 3 3 a, 2 3 3 b & £tt*ffffitt 2 3 4 a, 2 3 4 b £ «fc 

"3 "C M ft }g til $ tl T 3 .: 

-fe >-y-gfl2 3 Is ftfflffiEilft2 3 3 a, 2 3 3 b £ £lJc*M£I!tft 2 3 4 a, 2 
3 4 b*.&&S«B^»N *U 9 '©**»»©-** *-fe>tffcH»©*J** btV% 
5, -f^to^s ffUlffBtt2 3 3 a$£tf:ttfeetft2 3 4 aB\ ?h?WI§I 
2 1 I£,fctf*r8s2 1 2'^©«ffiWiOCfflV>&n*— £s MMIBH2 3 3 bfc 
J:V»M»2 3 4 bl4s *tl*ftftfiffi2 1 1 2 1 2©iE#it 

fflv^ftSo Sfcs .tHliaB2 3 2«\ fgl#*>£§l 8 0^M1-C 

SM8UfctNHlHltt2 2 0 , 2 2 OA, 2 2 0 B, 2 2 0 C £ HHl0[IlK&$tf££ U 
TVASo -rfcfcfcx ;H^^1i-f^2 3 0lt #»U3©>W *-b>ij-*«fcV 

;w^>i^f^2 3 o 33 a, 233 b#&vttm 

182 3 4 a, 2 3 4 b(i s MttXtC «t D fcKjbStU f £ 

So bfrU *WiCJ;5i:> ±S3©Ki5!©»D* uOgMCii^nS: 

uz<d, -fe>-^gp2 3 1 ^jj:^tf-asiiiKS2 3 2#j&ja"tfi&&as**e*ft«N £© 

ffcffiffi2 1 l£<fctf;t*M2 1 2©v»-rftfr-££8§10«ifcU 

nzomt btztz, miom (tctz.&s ttmuz 1 1 > ^m-ssnue& 2 322: 
zmfaTzmicomm itztz.^ ftftttB*2 3 3 a > k:^i©*be (tztz. 
«u ievp 1 ) zwuoTzm 1 ©«EEBiipasttfie*©*©fc t> 1201 (fe 
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bTitis MM2 1 2 ) tMI[slE&2 3 2 t %% 2 ©EH (tztZlts M 

Mm®2 3 4 a) Kfg2©SJE (fc£;tfciU iEVml) £M-f£if§2©«ffi 

epm&v xmMBMfc&zb® (tctxUs Mmms.mu32 22, 2 2 2 a 

) tTZo ZLX, Z(om 2©SEEPiDg|$J3\ g§2©H£:M!llB§2 3 2 
H1--S^^1-§^3 CDIB^ (fci:;?.^ ^^13iH2 3 4 b) Z&txm 2 ®®<D 
m 3 ©IE IffiVm) £©|g 3 ©SE £ ftfc^ip 

SEE (fci:;?.^ lEVmr) t % £ 5 H 2 ©«BE££j&-r 3 o d 
©<fc5K:< U-«J|H]S& 2 3 2 ^iJVNTs MH«ffiE?M 2 2 1 , 2 2 1 A^iTF 
M®«EWM2 2 2 , 2 2 2 A©Uf^iP-5§f i&lfei^t>s ^fitKT- 

(i2 4 0^ifi) 

0 S'7'2 3 0 AJ± N 12 3 ©SflS^fi©^ 

9/2 3 0 bfc*©-cfe^o i^mt^-rctd^ 

. #ftffilHif§2 3 3 a, 2 3 3 b *i6 h i: ftl&IJ^ 2 3 4 a, 2 3 

4 b#S»$tiTV^So cft£ct!K ;t-f ^>i^s>:/£'J^bt3c:i:#-e 

(f2 5©»l) 

« #*JfcJ&JB©;'W *-fe>V^y 7*2 3 0 BB\ i2 3©»i©/U*t> 

72 3 o K:feW5■fe>■t^gpfecttJ t f^•alJIHIl§s■?n^tl2^@^ i^— ©sm± 

Klfcf&\sfz§(DX$>Z>o El^b•CV^*V^^ s ^ -feV-tJ-§P2 3 1 a h-fe 2 3 1 

b l:v^CM«;•5«9^^^©^b^^K^MliSbfe®^•^^7 ^ 

fr'ofrzR&M.m&mtiiZtix^Zo c©^a ra-©g&±£«$t-fe v^sb 

^IS(tSCi:^«to-C N -g£^&©{b^M©«9£#"*JiBi:& !k J; !>^44t& 

^ o mmfe* * -fe > -y- y 7* § mmt % z. t # x * § <, 
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#H»jiT!i;Ju ***V3-y 72 3 0 B\Z**V®% 2ffl«l*.T' 
i3 9tt> #fgB.8©S§ 2 6 ©^^C&SA'f *-fe>1^>.y 70iSS^t 

o ^^JS^^cd^-T **.*vtv 71 3 0 C«\ i2 5©^»^©^w^--fe * 
V*v71 3 0 BCJotj" Stf-iHUi® 2 3 2 a, 2 3 2 bS-ot$}:fi), ff$JlH) 

0 4 0 t± v thflilHlK^y a-A- 2 3 5(D®&ffif&%7jk?o WiM tUSS^ S> a — >V 
2 3 5B\ tf«aiHlES2 3 2, 11 © AW # -fe > -tJ- 4 3 1 a fhiffl teJB& 2 3 2 t© 
«H/HJfe£«J&a*.S*-f 3 6 a, 2 3 6 b, 2 3 6 c, 2 3 6 d> fg 

20;W^-fe>D-4 3 1 b i: si-SH UBS 2 3 2 fc©»**/Hift£«J & **. * s> 
^236e,236f, 2 3 6 g, 2 3 6 h N £cfctf;*-f »f2 3 6 a*23 6 
h©ilift£f&Jfl?-rS3I^f&lffl![HlE&2 3 7 £tfii;iTV^o X'f'j'f 2 3 6 a 

- 2 3 6 h%&VMVlMW®®2 3 7 fcj\ # 8 HKDflJS* Straff £ 

So 

S^WIs|BS2 3 7lt 1 tiot, 2 3 6 a~2 3 

6 d*"-r^-CHU5fr*fettiB Sfes MM* S E L 2 C J; 

ot\ y^2 3 6 e~2 3 6 h £ I^Ti! D 3 2; fc&ll < ^ ©M^.S 
o fc^bs "T^T©*-* y^ 2 3 6 a^2 3 6 httv ^^(CHtSCttift^* 
Ctt3. 1-*tot>s ?iiRfrJ$Jll!g&2 3 7 (i N fg 1 ©/W tf-fe >tf 4 31a, I 
2©;W*-te>"9-4 3 1 b©V^ft*> — o^jt^bTx bfc/-W #-te > 

J: ft- $1 ESS 2 3 2 t^i^Cil^n^i^l:, ^-f -;f2 3 6 a~236 

;t-f3j-b>*4 3ia, ;W**>*4 3 1 b fcH-$!teJBS2 3 2 i:©B3£;W 
y?-236a~23 6 h£i£tt£ Z h\Z &^Xt&W>n&Mt Z t CftS. LfrV 
, mtft^&XSiz, #S8BJfcJ;Si^ £©&in;ffiK:li&ft <U IE5iftmMih 

9kffl£t&<DH4 ***** *J 7 Z 3 0 BfcitffcLTs fll* S^StfaiBfcOfflR 
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ftfc\ 2oOfflHifSELl, SEL2CJ;ot^-f^ 

2 36a~236 h b'TV»**»> *»WttcnK:|RJfe*ti* *©T*tt»V> 

o IjSplfSEL lO^-CX-f 3 6 a~ 2 3 6 h ftM1" 5 <fc 

«fcV»U dttttfl.©^"?^ *Hs >^©« Dlfit ftff 3 £ 5 K bX 

($6 2 7©*ifcJ&flB) 

1214 i it, #$§w©ifS2 7 ©s*«»mr: 7*©ii3gft^-r 

o *»i0^Ht%>^f')'7 2 3 0 D©HIS§1i^{is SI 2 6©^JE0^O 
/U^-b>tf y72 3 0 Ci:BI«7!»S. /M**my72 3 0 Cti^ 
*jfitfcks -fey+fgff 2 3 1a, 2 3 1 b bTEilSftT^ * j£"C& S. £© 

£3 £«gC©-tz>-tf-g&2 3 1a, 2 3 1 b l/TEB"r$ H i: C«fc oT, A 

-e^rtrfctfK $®*#©Mft ifoifitfia^ns, ^fes 

zttx^x, >i/r;i/.s(t****»^©«tasiii*flsi"* ^t^is, 

ft£x ;W #-tz ■fe>u-»*»»i/TiB*r*i2:c«kot:N ± 

13 i: H $ © ft & ft » * c k # "C * * o 
(£2 8 ©$%*$») 

04 2^±^ #$§nj3©i§2 soOTici^/H^t^^yrciS^^t 

o ***»li0/t<fn>1ffyr2 4 0 ^ H2 3©^»^©/W 
f?r2 3 0 2 3 1 4. V^rMm 2 3 2 ft> ^tl^tl-b > 1?" 

^5/7*2 4 l*«fctFth3IIlH|gS^y 7*2 4 2 fcl/tSVMCftft*^39fMia'lil»C 

&UTV>S. -fe>-9-^>y 7*2 4 1 fccfettSMISagS^ 13 a, ff£Htt#M? 
2 1 3 b^3j;t>f^«iSg?2 14 a, *H£#ffiMN?2 Hbi:^ ff$]lH|!£^ >y 7" 2 
4 2fc»\ 7-f + 4 3fc£oT«««Jfc-Slft3ft , CV*S. ft&N H 4 2 (b) {4 
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» mm (a) tjo(t^A^©®f®®ffeSo 

/t-f^>tfy72 3 0 ©»»&*:, aBjfiltt^KJ&ti&^oMt-Ciitebfc 
V^*-&* -fe>-b-SP2 3 1 Jiff 801 HI & 9^ 7" 2 4 2 J:S^-3)SS±lcMt5C: 
fc^^WCfflJifcftS, tfcx EJ&RXfcttJlSBIfl 2 3 3 a, 2 3 3 b:fe*J;tF 
*TffiIBiS&2 3 4 a, 2 3 4 b LfcV^fcfc RtTC** o UfrU 

0l0/Ht-fe>tf 4 Ofcfcx *>^^-»^2 4 1 £«fc ZPftHUaft?- y 7 

5. 

^mmmm-Cii, £ftg«±K:-tr>-!^y72 4 l:fc«fclFW-«!|[5|!8^y 
72 4 2SB*bTV»Sfl^ #S8liBttc:ftfcl!RJ££ftS*©T?ttfcl*. 

■fey^^'yT-2 4 l±£ttgK tHH§|B^sr7'2 4 2 £B3ff LT fc J; 

7**4 3CJ;t)t-fe>f^«y7'2 4 1 y72 4 2 2:*© 

7^t43 left it T\ • ^'J y F • 7l/>f (BGA) ftif 

.*fcs **Ifi0M-ftt>^f y72 4 0 fi> 12 3©mii©/Ht 
■bytfy72 3 0 S^y7-t> - 7m&t Ltcbweft Z>&. aMBWtt. 

t>if?y72 3 0A~2 3 0D X & 5 V^i* ixJ^^©^^© % © £^ s» 7* • 

^^±©*j^prtgffi 
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Bit ^ CO> 32g US 

i. Ji^ictim^t^ffli^ 
«i$£±i3M£m#*:&u ±!B&$i£m«mt-fc&©F^££fr-t± 

±i3ftffla£gi^£ftfcMM?^ 
±I3#a£^£nfc*fr«?^ 

ft C S m ^ tv ft v > # M *8 f £ 

±lB#ffia&tf±I3*Mi©5t>'J>ft < ±ia«t*^«*C**ii 
3. 1 on* *-fe>-tf-c:fcv^ 

±I3ftffl@hJtiBtfffiM : ? 1 ©ib.»^ 

±f3*ta i: ±i3*ra*is^ h %m 3 ©ten t 

±IBftaKg^£;ftfc*ta#Hfl3g^fc 

£#A/T* ^ s c h t? % >\ 4 #-tr y y-o 



I 
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J:IB»4©E«U ±§3ff5 5©E$L ±BB* 6 ©E$U ±1311 7 ©M© 5 
VJ>&< fcfc 2o©E*tt:Sv>fcJlfc*EIRJirtfcRW"&*^ lofS^Clt 

8. gt*«4©,rW*-te>iJ-fc:j5V^ 

_tSBSf§2©Ei8lfc±SaSI 3 ©K»2:ttSv>CS»SiB»»rtKKtf &*itv>S 

9. »*^4 0/t-f *-b>1MC*^TN 

±mwmm, ±sa**«> ±b#m*^ ±iBttffl«**s ±E»a«*N' ±m 

m 1 ®E«U ±B'» 2 ©EUStf J:f3SH 3 ©B*tt*«±fclRW' 

±tmmm^ * *= {±±ibm@ss^© 3 *> v% r n^-^{± ±B**©*ii±£ 

10. |*]@4©/H tf-feVtH^^Ts 

11. it#«l '0©^^^-fe>^C*V^*Cx' 

±13^ 3 ©IBH#&i5t©E£aJl H t> T R ft £ ftT V> S d £ #m ill* 3 M 

12. 1 0 ©M-f ^--fe>itHiJ^t> 

13. 1 0 ©;t-f 3-fe>tf-£:fe^-t> 
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14. H*a4*fctt5©/t-f*'te>*K*V^T% 
J:lffAftttMR» £> ftTfc D > 

16. **a40^-f *-fe>UC43V%Ts- 
£ ft X. X V % 3 a* -i * -b > "9- f- v 7 o 

18. ifsnc/uttvtfy^ci^t^ 

19. ffjjc:® l 7 ©/m ^-tv-tr^y 7*£:te^-£\ 
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2 0. if^S 1 9 ^C&Hv-^ 
±f3ff- $9 

2 1. i$)g2 0©;W*-b>^f7li:*v>T> 

2 2. lf$£ 1 9 0;t^i2>tfs' 7*IC43V>T> 
±I3#M^»±I3M1S£SMi£fts 
±Bffl-«iIfilKtts 

±I3#^4B^C^^ftfc^«iaffi#S3lll8Sk> 
** b X v> 3 c i: 1 1" £ ^ 4 tf-fe > * t*o 

2 3. !f3cJS2 2 rKfcV^s 
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t £ f* 9L 1 1 5 X 4 * * > * 5=- » 7" „ 

2 4. »jfciJU 9 ©/W T'CfcV^Ts 

±B**a* : ? z ti tz nmms. mm® t s 
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